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FIG. 3 — Reference Voltage Generator



U.S. Patent Apr. 5, 2016 Sheet 4 of 6 US 9,306,547 B2

V+/V = Vref + Vr Vref Vref - Vr

Verk — Vos

T i Phase 2 i Phase 4

X, Xy KXok Xy X3

» Binary Scarch Factor




U.S. Patent

Apr. 5, 2016 Sheet 5 of 6
P X | 27 V-V X
1 32 ) 32
2 | 32| 16 (=) 48
3 | 48 8 ) 56
4 | 56 | 4 (+) 52
5 52| 2 (+) 50
6 | 50 1 ) 51

US 9,306,547 B2

FIG. 5A — Binary Search Table, P, =0, Pypyp =0

58
56
54
52
50
48
46
44
42
40
38
36
34
32

VH/V-

_\\)\ Vos
V+=Vek t Vos

VCLK

FIG. 5B — Binary Search Graph, Pt =0, Peomp =0



U.S. Patent Apr. 5, 2016 Sheet 6 of 6 US 9,306,547 B2

o ———————————
| o 601 ,
-H Sample Clock Signal | I
I P T T T T T - ——— |
! 602 [ ¢ 611 l
I Y /- |
| | Generate Clock Voltage (V) | | | Generate Reference Voltage (Vi) H—
L—— (e _ I I
l 612 |
| - I
—H Compare Vi and V¢ |
l |
613
| Y '
| Evaluate Comparison | I
l |
l |
! B |
: | Adjust X, | !
__________________ J
[ 620 r
I | AdjuSt Py.r or Pcomp I :
! 622 |
| Y |
| | Generate Clock Measurement (Xy) | [
" S ———— |
| 80 vy 03 |
: I Compare Xy t0 Xprog | :
' 632 |
| Y — |
| | Generate Clock Adjustment | :
I
| 633 '
| Y |
| | Correct Duty Cycle | I




US 9,306,547 B2

1
DUTY CYCLE ADJUSTMENT WITH ERROR
RESILIENCY

This disclosure relates to duty cycle adjustment. In particu-
lar, it relates to duty cycle adjustment with error resiliency.

BACKGROUND

A clock tree or clock grid may distribute a clock signal to a
circuit. Often design requirements such as duty cycle, skew,
and slew may not be reached due to design limitations. Addi-
tionally, design variations may cause unpredictable inaccura-
cies and unexpected deviations from these design require-
ments.

SUMMARY

The present disclosure includes a method for adjusting a
duty cycle, comprising generating a duty cycle signal having
avoltage representing a duty cycle of a clock signal; adjusting
areference voltage generated by an adjustable reference volt-
age generator to match the duty cycle signal to produce a first
matched value; inverting voltage sources of the reference
voltage generator; adjusting, while the voltage sources are
inverted, the reference voltage to produce a second matched
value; and calculating a duty cycle value based on the first and
second matched values.

The present disclosure also includes a system, comprising
a clock comparator circuit, a reference voltage generator, and
a clock evaluation control circuit. The clock comparator cir-
cuit is configured to generate a duty cycle signal having a
voltage representing a duty cycle of a clock signal. The ref-
erence voltage generator is configured to: generate, in
response to a reference control signal, a reference voltage
from voltage sources applied to the reference voltage genera-
tor, and invert the voltage sources applied to the reference
voltage generator in response to a reference polarity signal.
The clock evaluation control circuit is configured to: adjust
the reference control signal to match the reference voltage to
the duty cycle signal to produce a first matched value; adjust,
while the voltage sources are inverted, the reference control
signal to match the reference voltage to the duty cycle signal
to produce a second matched value; and calculate a duty cycle
value based on the first and second matched values.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings included in the present application are incor-
porated into, and form part of, the specification. They illus-
trate embodiments of the present invention and, along with
the description, serve to explain the principles of the inven-
tion. The drawings are only illustrative of typical embodi-
ments of the invention and do not limit the invention.

FIG. 1 is a diagram of a duty cycle circuit, according to
embodiments of the disclosure.

FIG. 2 is a functional diagram of a reference voltage gen-
erator and a clock comparator circuit, according to embodi-
ments of the disclosure.

FIG. 3 is a diagram of a reference voltage generator,
according to embodiments of the disclosure.

FIG. 4 is a graph of reference voltage measurements for
different phases, according to embodiments of the disclosure.

FIG. 5A is an example table of a binary search for the first
phase, according to embodiments of the disclosure.

FIG. 5B is an example graph of the binary search data of
FIG. 5A, according to embodiments of the disclosure.
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FIG. 6 is a flowchart of a method for correcting a duty cycle
of'aclock signal, according to embodiments of the disclosure.

DETAILED DESCRIPTION

Due to manufacturing variations, a clock signal’s duty
cycle may not be accurate and may require correction. The
clock signal may be evaluated and corrected for errorin a duty
cycle correction circuit. However, the duty cycle correction
circuit itself may have manufacturing variations which intro-
duce error into the evaluation and correction of the duty cycle.
For example, ifa duty cycle is converted into an analog signal,
the digital-to-analog converter may have quantization error
and resistor variation which may introduce error into the duty
cycle evaluation.

According to embodiments of the disclosure, a duty cycle
of'a clock signal may be evaluated for correction while com-
pensating for circuit errors. A duty cycle of a clock signal is
converted to a clock voltage, measured under various circuit
configurations, and evaluated for duty cycle correction. The
various circuit configurations are designed to generate clock
voltage measurements with complementary circuit errors that
cancel out when aggregated to produce a more accurate evalu-
ation of the duty cycle. The resulting output of the duty cycle
correction circuit may be used to correct the duty cycle of the
clock signal.

FIG. 1 is a diagram of a duty cycle circuit, according to
embodiments of the disclosure. A clock comparator circuit
101 receives a clock sample 113 from a clock distribution
circuit 106. The clock comparator circuit 101 generates an
analog clock voltage (or duty cycle signal) from the clock
sample 113 that is based on the duty cycle of the clock sample.
The clock comparator circuit 101 compares the clock voltage
and a reference voltage 115 generated by an adjustable refer-
ence voltage generator 102 to produce a digital comparator
output 116.

A clock evaluation control circuit 103 can control the ref-
erence voltage generator 102 through digital voltage control
signals 118. The clock evaluation control circuit 103 evalu-
ates the digital comparator output 116 and modifies the digital
voltage control 118 to find a match the between the reference
voltage 115 and the clock voltage. The clock evaluation con-
trol circuit can also modify a comparator polarity signal 114
and areference polarity signal 117 to produce multiple phases
having different circuit configurations. A phase clock mea-
surement can be produced for each circuit configuration and
averaged to approximate a clock measurement value 119.

A duty cycle adjustment circuit can compare the clock
measurement value 119 and a target adjustment value 120 to
determine whether a duty cycle adjustment is desired. If a
duty cycle adjustment is desired, a clock adjustment signal
121 may be sent to a duty cycle correction circuit. The clock
adjustment signal 121 modifies an input clock signal 111 to
produce a duty cycle corrected clock signal 112.

Clock Distribution Circuit

The clock comparator circuit, reference voltage generator,
and comparator evaluation circuit may generate an error-
corrected clock measurement from the clock signal through a
series of iterations using different circuit configurations. The
clock comparator circuit may sample the clock signal at a
sample point in the clock distribution circuit. This sample
point may be taken from a variety of different locations in the
clock distribution circuit. Various types of clock distribution
circuits may distribute a clock signal across logic, such as a
clock grid or a clock tree.
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Clock Comparator Circuit

FIG. 2 is a functional diagram of a reference voltage gen-
erator 200 and a clock comparator circuit 210, according to
embodiments of the disclosure. A low-pass filter 212 gener-
ates an analog clock voltage 213 from a clock sample 211.
This analog clock voltage 213 may be proportional to the duty
cycle from the clock sample 211. The analog clock voltage
213 and a reference voltage 206 each feed into a positive
comparator MUX 215 and a negative comparator MUX 216.
The positive comparator MUX 215 is connected to the posi-
tive terminal of a comparator 218 and the negative compara-
tor MUX 216 is connected to the negative terminal of the
comparator 218. The clock comparator circuit 210 may have
a voltage offset 217 inherent in the comparator 218, shown
here for simplicity as a component connected to the positive
terminal of the comparator 218. The comparator 218 evalu-
ates the inputs of its positive and negative terminals and
outputs a digital comparator output 219. The positive com-
parator MUX 215 and negative comparator MUX 216 are
both controlled by a comparator polarity signal 214 to invert
the inputs into the positive and negative terminals of the
comparator 218. This inversion may be used to generate
equivalent but opposite error in the clock comparator circuit,
such as the voltage offset 217, so that the error may be can-
celled out.

Reference Voltage Generator

Still referring to FIG. 2, the reference voltage generator
200 generates the reference voltage 206. A digital voltage
control 201 operates a variable resistor network 205. A first
MUX 203 and a second MUX 204 are operated by a reference
polarity signal and input into the variable resistor network
205 as complements of each other. A reference polarity signal
operates the first MUX 203 and the second MUX 204 to invert
the voltage supply and drain to each terminal of the reference
voltage generator. This inversion may be used to generate
equivalent but opposite error in the reference voltage genera-
tor, such as resistor variation, so that error may be cancelled
out.

FIG. 3 is a diagram of a reference voltage generator,
according to embodiments of the disclosure. A reference volt-
age 323 is generated linearly from digital voltage control bits
320, 321, and 322 operating stages of an R-2R ladder circuit.
Shown here is a three bit reference voltage generator; how-
ever, any number of bits may be used, with a corresponding
increase in R-2R-XOR stages. In certain embodiments, resis-
tors 313 and 315 can have a value of R, while 312, 314, 316,
and 317 can have a value of 2R. Resistors 310 and 311 are
voltage divider resistors which may set a voltage range for the
reference voltage generator. A reference polarity signal 324
inputs into XOR gates 302, 303, 304, and 305, and inputs into
XNOR gates 301 and 306. The reference polarity signal 324
may switch the voltage source and ground of the aforemen-
tioned gates 301-306, thereby inverting the operation of the
reference voltage generator and any error present in the ref-
erence voltage generator.

Clock Evaluation Control Circuit

The clock evaluation control circuit may determine a clock
measurement for a clock sample by matching the reference
voltage to the clock voltage and generating a clock measure-
ment from the matching operation, according to embodi-
ments of the disclosure. This determination and matching
may be performed for multiple circuit configurations to
reduce or cancel error. In certain embodiments, the clock
evaluation control circuit can be implemented using a variety
of processing circuit, logic, communications arrangements,
and combinations thereof. Particular implementations use
one or more specially configured computer processors that
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execute instructions to perform one or more of the aspects
discussed herein. Various portions can be implemented using
discrete or combinatorial logic, analog circuitry, and various
forms of computer readable medium.

When the clock evaluation control circuit performs a single
clock measurement determination, the clock measurement
may not be accurately estimated and error may be introduced
into the system. This error may be generated due to factors
such as the quantization from analog to digital conversion and
the hardware circuitry differences such as manufacturing
variations. For example, a comparator may have an offset
voltage and a resistor network of a reference voltage genera-
tor may have resistor variations. Error may not be eliminated
from individual clock measurements due to an inability or
impracticality to determine and compensate for a particular
error in a measurement.

In certain embodiments of the disclosure, error may be
reduced or cancelled out without identifying a particular
error. Clock measurements having error may be generated
under multiple circuit configurations of the reference voltage
generator and the clock comparator circuit. The generated
measurements may be summed and complementary error
within the multiple measurements may cancel out so that the
clock measurement more accurately reflects the clock volt-
age.
Referring to FIG. 2, the reference voltage generator 200
may be modified with the reference polarity (P,,,) 202 and the
clock comparator circuit 210 may be modified with a com-
parator polarity (P, ,) 214. The following table shows the
comparator 218 terminal inputs for each circuit configura-
tion:

Phase P,r Poomp V+ V-

1 0 0 Vegx+Vos Vi1 =X * V) +V,
2 0 1 Voo +Vos=X* V) + Vg

V,+Veos
3 1 0 Ver+Vos Viers=X3* V) -V,

4 1 1

VoeratVos= Xy* Vo) - Vax

V,+Veos

In the above table, V ., ;- represents the clock voltage and
Vo5 represents the voltage offset of the comparator. Each
reference voltage (V) produced by the reference voltage
generator may be represented as a combination of an ideal
reference voltage (X,*V ;) and a reference mismatch error
(V,). V, represents the voltage mismatch error at the largest
error contributor in the system, which is the voltage divider
consisting of resistor 310 and 311 in FIG. 3. When P, is
inverted, the system creates a complementary reference mis-
match error voltage (V,) to that found in phases 1 and 2.
Similarly, whenP..,,,, is inverted, the inputs to the comparator
are inverted, creating complementary voltage offsets V.
X, 4 are the phase clock measurements for each configuration
phase. Each phase clock measurement may be a binary value
of the digital voltage control used to generate the reference
voltage.

FIG. 4 is a graph of reference voltage measurements for
different phases represented by the equations in the table
above, according to embodiments of the disclosure. The
x-axis (binary search factor) represents the binary search
factor for each reference voltage, while the y-axis (V+/V-)
represents the voltages on the positive (V+) and negative (V-)
terminals of the comparator. The reference voltages gener-
ated for two complementary reference voltage generator con-
figurations correspond to lines (V,,+V,) and (V,,~V,), while
the clock voltages generated for two complementary com-
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parator configurations correspond to lines (V -, +V os) and
(Vorx—V os)- The different phases produce different configu-
rations of the reference voltage mismatch error (V,) and com-
parator offset (V). The reference voltage mismatch error
and comparator offset may be minimized or cancelled by
averaging the four phase clock measurements to estimate the
reference voltage (V,,) for the clock voltage (Vo g, corre-
lated in FIG. 4 to X ; z), according to the following equation:

Ver =X+ 0+XG+X)* V.4

Abinary search may be used to match the reference voltage
to the clock voltage. A binary search may be performed
according to the following equations:

IV, VX=X -2

If Vo<V g X=X 277

where V - ;- is the voltage at the comparator terminal having
the clock voltage, V, . is the voltage at the comparator termi-
nal having the reference voltage, X, , is the binary search
factor of the previous iteration of the binary search, X, is the
binary search factor of the current iteration, and n is the
number of digital control bits. As discussed herein, a match
between the reference voltage and the clock voltage can
include a match that is limited based upon the granularity of
the reference voltage generator. For instance, the reference
voltage generator can be configured to generate voltages with
a 0.1 V granularity. A resulting match can be a reference
voltage that is less than 0.1 V of the clock voltage (i.e. within
0.05V).

FIG. 5A is an example table of a binary search for the first
phase discussed above and FIG. 5B is an example graph of the
binary search data of FIG. 5A, according to embodiments of
the disclosure. The x-axis represents the iteration of the
binary search. The y-axis represents the terminal voltage
divided by V . In this example for the first phase, V -, .- inputs
into the positive terminal of the comparator (V+) and V- the
negative terminal (V-). The V- voltages, represented by “x”,
are offset from the calculated digital control values of X, in
FIG.4AduetoV, (V=X *V +V,). V+is also offset from
Vo due to voltage offset Voo (V+=V 4V 59). As dis-
cussed above, these errors and offsets may be cancelled by
generating equivalent but opposite errors and offsets through
inverting circuitry such as comparator inputs and reference
voltage supplies and drains.

Duty Cycle Adjustment Circuit

The clock voltage may be sent to the duty cycle adjustment
circuit. The duty cycle adjustment circuit may receive and
compare the clock voltage and an adjustment target value. If
the clock voltage is within the range of the adjustment target
value, the duty cycle adjustment circuit may send no adjust-
ments for the input clock. If the clock voltage is outside the
range of the adjustment target value, the duty cycle adjust-
ment circuit may send a clock adjustment signal to a duty
cycle correction circuit. The clock adjustment signal may
include a signal that is encoded with the duty cycle adjust-
ments for the input clock signal.

Duty Cycle Correction Circuit

The duty cycle correction circuit may correct the duty cycle
of an input clock signal. If the duty cycle correction circuit
receives a clock adjustment signal containing code from the
duty cycle adjustment circuit, the duty correction circuit may
decode the clock adjustment from the code and generate a
duty cycle corrected clock signal from the input clock and the
clock adjustment.
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Duty Cycle Correction Process

FIG. 6 shows a flowchart of a method for correcting a duty
cycle of a clock signal, according to embodiments of the
disclosure. An analog clock voltage is generated from a clock
duty cycle, as in 600. A clock signal may be sampled, as in
601. The duty cycle of the clock signal may be converted to an
analog clock voltage, as in 602, such as through a low pass
filter.

The value for the clock voltage may be determined using a
reference voltage, as in 611. For instance, the clock voltage
may be determined by using a binary search to modify the
reference voltage. A reference voltage is generated for a first
digital control value, as in 611. The reference voltage and
clock voltage are compared, as in 612, to produce a compara-
tor output. The comparator output may be evaluated, as in
613, such as though a binary search, and the binary search
factor may be adjusted according to the evaluation, as in 614.
If the binary search has not run through all its iterations, then
the binary search continues by generating a reference voltage,
as in 611. If the binary search has run through its iterations,
the final binary search factor may be passed on as a phase
clock voltage measurement.

A phase clock voltage measurement may be determined for
multiple circuit configurations (phases) to generate a clock
voltage measurement, as in 620. The reference polarity and
comparator polarity may be adjusted, as in 621, to create four
different circuit configurations. The binary search of 611
through 614 discussed above may be performed for each
circuit configuration. When the phase clock voltage measure-
ments have been determined, they may be averaged to create
the clock voltage measurement, as in 622.

A duty cycle may be corrected according to the clock
voltage measurement, as in 630. The clock voltage measure-
ment may be compared against a programmable target value,
as in 631. If the clock voltage measurement is within a range
of the programmable target value, then the duty cycle for the
clock signal may not be corrected and another clock signal
may be sampled, as in 601. If the clock voltage measurement
is outside the range of the target programmable value, a clock
adjustment signal may be generated, asin 632. The duty cycle
may be corrected according to the clock adjustment signal, as
in 633.

Computer Readable Medium

As will be appreciated by one skilled in the art, aspects of
the present invention may be embodied as a system, method,
or computer program product. Accordingly, aspects of the
present invention may take the form of an entirely hardware
embodiment, an entirely software embodiment (including
firmware, resident software, micro-code, etc.) or an embodi-
ment combining software and hardware aspects that may all
generally be referred to herein as a “circuit,” “module” or
“system.” Furthermore, aspects of the present invention may
take the form of a computer program product embodied in one
ormore computer readable medium(s) having computer read-
able program code embodied thereon.

Any combination of one or more computer readable medi-
um(s) may be utilized. The computer readable medium may
be a computer readable signal medium or a computer read-
able storage medium. A computer readable storage medium
may be, for example, but not limited to, an electronic, mag-
netic, optical, electromagnetic, infrared, or semiconductor
system, apparatus, or device, or any suitable combination of
the foregoing. More specific examples (a non-exhaustive list)
of the computer readable storage medium would include the
following: an electrical connection having one or more wires,
a portable computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable
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programmable read-only memory (EPROM or Flash
memory), an optical fiber, a portable compact disc read-only
memory (CD-ROM), an optical storage device, a magnetic
storage device, or any suitable combination of the foregoing.
In the context of this document, a computer readable storage
medium may be any tangible medium that can contain, or
store a program for use by or in connection with an instruction
execution system, apparatus, or device.

A computer readable signal medium may include a propa-
gated data signal with computer readable program code
embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-mag-
netic, optical, or any suitable combination thereof. A com-
puter readable signal medium may be any computer readable
medium that is not a computer readable storage medium and
that can communicate, propagate, or transport a program for
use by or in connection with an instruction execution system,
apparatus, or device.

Program code embodied on a computer readable medium
may be transmitted using any appropriate medium, including
but not limited to wireless, wireline, optical fiber cable, RF,
etc. or any suitable combination of the foregoing.

Computer program code for carrying out operations for
aspects of the present invention may be written in any com-
bination of one or more programming languages, including
an object oriented programming language such as Java,
Smalltalk, C++ or the like and conventional procedural pro-
gramming languages, such as the “C” programming language
or similar programming languages. The program code may
execute entirely on the user’s computer, partly on the user’s
computer, as a stand-alone software package, partly on the
user’s computer and partly on a remote computer or entirely
on the remote computer or server. In the latter scenario, the
remote computer may be connected to the user’s computer
through any type of network, including a local area network
(LAN) or a wide area network (WAN), or the connection may
be made to an external computer (for example, through the
Internet using an Internet Service Provider).

Aspects of the present invention are described below with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations and/
or block diagrams, and combinations of blocks in the flow-
chart illustrations and/or block diagrams, can be imple-
mented by computer program instructions. These computer
program instructions may be provided to a processor of a
general purpose computer, special purpose computer, or other
programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
processor of the computer or other programmable data pro-
cessing apparatus, create means for implementing the func-
tions/acts specified in the flowchart and/or block diagram
block or blocks.

These computer program instructions may also be stored in
a computer readable medium that can direct a computer, other
programmable data processing apparatus, or other devices to
function in a particular manner, such that the instructions
stored in the computer readable medium produce an article of
manufacture including instructions which implement the
function/act specified in the flowchart and/or block diagram
block or blocks.

The computer program instructions may also be loaded
onto a computer, other programmable data processing appa-
ratus, or other devices to cause a series of operational steps to
be performed on the computer, other programmable appara-
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tus or other devices to produce a computer implemented
process such that the instructions which execute on the com-
puter or other programmable apparatus provide processes for
implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks.

The flowchart and block diagrams in the Figures illustrate
the architecture, functionality, and operation of possible
implementations of systems, methods and computer program
products according to various embodiments of the present
invention. In this regard, each block in the flowchart or block
diagrams may represent a module, segment, or portion of
code, which comprises one or more executable instructions
for implementing the specified logical function(s). It should
also be noted that, in some alternative implementations, the
functions noted in the block may occur out of the order noted
in the figures. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block diagrams
and/or flowchart illustration, can be implemented by special
purpose hardware-based systems that perform the specified
functions or acts, or combinations of special purpose hard-
ware and computer instructions.

Although the present disclosure has been described in
terms of specific embodiments, it is anticipated that alter-
ations and modifications thereof will become apparent to
those skilled in the art. Therefore, it is intended that the
following claims be interpreted as covering all such alter-
ations and modifications as fall within the true spirit and
scope of the disclosure.

What is claimed is:
1. A method for adjusting a duty cycle, comprising:
generating a duty cycle signal having a voltage represent-
ing a duty cycle of a clock signal;
generating, using a reference voltage generator, in
response to a reference control signal, a reference volt-
age from voltage sources applied to the reference volt-
age generator; and
comparing, using the comparator, the reference voltage
and the duty cycle signal;
adjusting, using a clock evaluation control circuit, the ref-
erence voltage generated by the adjustable reference
voltage generator to match the duty cycle signal to pro-
duce a first matched value;
inverting supply voltage sources input to the reference
voltage generator in response to an applied reference
polarity signal;
adjusting, using the clock evaluation control circuit, while
the supply voltage sources are inverted, the reference
voltage to match the duty cycle signal to produce a
second matched value; and
swapping comparator inputs into the comparator in
response to an applied comparator polarity signal; and
while the comparator inputs are swapped:
adjusting, using the clock evaluation control circuit, the
reference voltage generated by the adjustable refer-
ence voltage generator to match the duty cycle signal
to produce a third matched value;
inverting the supply voltage sources of the reference
voltage generator;
adjusting, using the clock evaluation control circuit,
while the supply voltage sources are inverted, the
reference voltage to produce a fourth matched
value; and
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calculating a duty cycle value based on the first, second,
third, and fourth matched values.

2. The method of claim 1, wherein generating a duty cycle
signal further comprises:

sampling the clock signal from a clock distribution circuit;

and

generating the duty cycle signal as an analog signal.

3. The method of claim 1, wherein adjusting the reference
voltage generated by the adjustable reference voltage genera-
tor involves using a binary search to determine the first and
second matched values.

4. The method of claim 3, further comprising:

applying the comparator polarity signal and the reference

polarity signal to produce multiple clock signal phases
representing different circuit configurations,

producing a phase clock measurement for each circuit con-

figuration;

averaging the phase clock measurements to approximate a

clock voltage measurement value; and

performing the binary search to match the reference volt-

age to the clock voltage measurement value.

5. The method of claim 4, further comprising:

performing said binary search by evaluating one of:

Vier >Verg: X; =X, 277 or

Vier <Vergs X; =X, 1,277

whereV ., . is the clock voltage measurement value, V,_.is
the generated reference voltage, X, | is a binary search
factor of a previous iteration of the binary search, X, is a
binary search factor of a current iteration, and n is a
number of digital control bits.

6. The method of claim 5, wherein said binary search is an
iterative process, said method comprising:

providing a binary search table for each clock signal phase,

and using said binary search table to obtain, for each
iteration i, values of said binary search factors of said
previous and current iterations, and an offset represent-
ing a difference of voltages between the comparator
inputs, and a value representing a function of said n
digital control bits.

7. The method of claim 1, wherein calculating the duty
cycle value based on the first and second matched values
further comprises averaging the first and second matched
values.

8. The method of claim 1, wherein:

the first matched value has a first error value;

the second matched value has a second error value; and

the first error value is approximately equal to an inverse of

the second error value.

9. The method of claim 1, further comprising:

comparing the duty cycle value to a programmable target

range;

generating code capable of modifying the duty cycle of the

clock signal when the duty cycle value is outside the
programmable target range.

10. A system, comprising:

a clock comparator circuit configured to:

generate a duty cycle signal having a voltage represent-
ing a duty cycle of a clock signal;

a reference voltage generator configured to:

generate, in response to a reference control signal, a
reference voltage from supply voltage sources
applied to the reference voltage generator; and

invert the supply voltage sources applied to the reference
voltage generator in response to an applied reference
polarity signal; and
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a clock evaluation control circuit configured to:
adjust the reference control signal to match the reference
voltage to the duty cycle signal to produce a first
matched value;
adjust, while the supply voltage sources are inverted, the
reference control signal to match the reference volt-
age to the duty cycle signal to produce a second
matched value, and the clock comparator circuit is
further configured to:
compare the reference voltage and the duty cycle sig-
nal with a comparator; and
swap comparator inputs into the comparator in
response to an applied comparator polarity signal,
and
the clock evaluation control circuit is further configured
to:
adjust, while the comparator inputs are swapped, the
reference voltage generated by the adjustable ref-
erence voltage generator to match the duty cycle
signal to produce a third matched value;
adjust, while the supply voltage sources and the com-
parator inputs are swapped, the reference voltage to
produce a fourth matched value; and
calculate a duty cycle value based on the first, second,
third, and fourth matched values.
11. The system of claim 10, wherein the clock comparator
circuit has a low pass filter to generate the duty cycle signal.
12. The system of claim 11, wherein the clock evaluation
control circuit is further configured to perform a binary search
to adjust the reference voltage to match the duty cycle signal.
13. The system of claim 12, wherein the clock evaluation
control circuit is further configured to:
apply the comparator polarity signal and the reference
polarity signal to produce multiple clock signal phases
representing different circuit configurations,
produce a phase clock measurement for each circuit con-
figuration; and
average the phase clock measurements to approximate a
clock voltage measurement value, and
perfrom the binary search to match the reference voltage to
the clock voltage measurement value.
14. The system of claim 13, wherein to perform said binary
search, said clock evaluation circuit is configured to evaluate
one of:

Vier>Verg: X; =X, 277, or

Vier <Verg X; =X;.1,27"

whereV ., x is the clock voltage measurement value, V., is
the generated reference voltage, X, ; is a binary search
factor of a previous iteration of the binary search, X, is a
binary search factor of a current iteration, and n is a
number of digital control bits.

15. The system of claim 14, wherein said binary search is
an iterative process, said clock evaluation circuit further com-
prising:

a binary search table for each clock signal phase, said clock
evaluation circuit using said binary search table to
obtain, for each iteration i, values of said binary search
factors of said previous and current iterations, and an
offset representing a difference of voltages between the
comparator inputs, and a value representing a function
of said n digital control bits.
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16. The system of claim 10, wherein the reference voltage
generator:
further comprises an R-2R resistor ladder having a first
voltage source and drain and a second voltage source
and drain; and
is further configured to switch between the first voltage
source and drain and the second voltage source and drain
in response to an inverted reference polarity signal.
17. The system of claim 10, further comprising a clock
adjustment circuit configured to:
compare the duty cycle signal to a programmable target
range; and
generate code capable of modifying the duty cycle of the
clock signal when the duty cycle value is outside the
programmable target range.
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